Aims: To investigate the longitudinal relation between strenuous leisure time physical activity and psychological complaints (depression and emotional exhaustion) in a Dutch working population in order to find evidence for the preventive role of physical activity in the development of psychological complaints. Methods: All data came from the Study on Musculoskeletal disorders, Absenteeism, Stress, and Health (SMASH), a three year follow up study that started between 1994 and 1995. The study population consisted of 1747 workers from 34 companies. Generalised estimating equation (GEE) analyses were performed to investigate the longitudinal relation between strenuous leisure time physical activity and psychological complaints using models with and without a time lag. Logistic regression analyses were performed to study the relation between physical activity and sickness absence due to psychological complaints during the three year follow up study. Results: Only in workers with a sedentary job was strenuous leisure time physical activity (1-2 times per week) significantly associated with a reduced risk of future depression and emotional exhaustion. This was not the case for physical activity at higher frequencies (>3 times per week). There was a dose-response relation between strenuous leisure time physical activity and poor general health which was strongest in workers with a sedentary job. Strenuous leisure time physical activity (1-2 times per week) was associated with a lower risk of long term absenteeism (.21 days), whereas physical activity at a higher frequency was not. Conclusions: Results suggest that strenuous leisure time physical activity might play a role in the prevention of future psychological complaints, poor general health, and long term absenteeism in a working population. Workers with a sedentary job seem to benefit more from strenuous leisure time physical activity than workers without a sedentary job.
Aims: To investigate the longitudinal relation between strenuous leisure time physical activity and psychological complaints (depression and emotional exhaustion) in a Dutch working population in order to find evidence for the preventive role of physical activity in the development of psychological complaints. Methods: All data came from the Study on Musculoskeletal disorders, Absenteeism, Stress, and Health (SMASH), a three year follow up study that started between 1994 and 1995. The study population consisted of 1747 workers from 34 companies. Generalised estimating equation (GEE) analyses were performed to investigate the longitudinal relation between strenuous leisure time physical activity and psychological complaints using models with and without a time lag. Logistic regression analyses were performed to study the relation between physical activity and sickness absence due to psychological complaints during the three year follow up study. Results: Only in workers with a sedentary job was strenuous leisure time physical activity (1-2 times per week) significantly associated with a reduced risk of future depression and emotional exhaustion. This was not the case for physical activity at higher frequencies (>3 times per week). There was a dose-response relation between strenuous leisure time physical activity and poor general health which was strongest in workers with a sedentary job. Strenuous leisure time physical activity (1-2 times per week) was associated with a lower risk of long term absenteeism (.21 days), whereas physical activity at a higher frequency was not. Conclusions: Results suggest that strenuous leisure time physical activity might play a role in the prevention of future psychological complaints, poor general health, and long term absenteeism in a working population. Workers with a sedentary job seem to benefit more from strenuous leisure time physical activity than workers without a sedentary job. P sychological complaints such as general feelings of reduced wellbeing, burnout, anxiety, and depression are an important cause of sickness absenteeism and work disability in the Netherlands. 1 In 2001, about 38% of the new cases of work disability in the Netherlands (that is, about 100 000) were psychological in nature. 2 The total annual costs of work related sickness absence and work disability due to psychological complaints in the Netherlands are estimated at J1444 million and J1630 million respectively. 3 There is evidence for a beneficial effect of physical fitness on mental health, and depression in particular. [4] [5] [6] Several review studies [6] [7] [8] have described physiological and psychological mechanisms to explain the curative role of physical activity with regard to depression. Since depression has multiple aetiologies, it is believed that physiological and psychosocial mechanisms act simultaneously. 4 Physical activity may lower depression by affecting central monoamine functioning (that is, serotonin, noradrenaline, and dopamine), by lowering the HPA axis response to stress, or by stimulating b endorphin levels. On the other hand, physical activity may lower depression by increasing self-esteem, selfefficacy, and feelings of control, by distracting patients from unpleasant stimuli, or by increased social interactions. The largest decreases in depressive symptoms with exercise have been found in clinical and/or medically treated participants, whereas exercise as a treatment for milder forms of depression seems to be successful in some studies 9 but not in others. 10 11 Evidence supporting the preventive role of regular physical activity has been less conclusive than evidence supporting the curative role of regular physical activity. 6 Although several prospective studies have shown that higher amounts of physical activity are associated with reduced depressive symptoms, [13] [14] [15] [16] [17] it is still uncertain whether or not physical activity can prevent depression. Some prospective studies investigated the preventive role of physical activity by stratifying for pre-existing depression in the analyses between physical activity and depression 12 15 and found mixed results. As far as we know, no earlier study investigated the longitudinal relation between physical activity and emotional exhaustion, nor the relation between physical activity and sickness absence due to psychological complaints.
The present study was conducted in a cohort of Dutch workers. Psychological complaints included in the present study are depression and emotional exhaustion. We hypothesise that workers with a sedentary job will benefit more from leisure time physical activity than workers without a sedentary job based on previous findings in the same cohort. 18 These previous findings showed that workers with a sedentary job benefit more from sports participation with regard to sickness absence than workers with a nonsedentary job. The aims of the present study were to: N Investigate the longitudinal relation between strenuous leisure time physical activity and psychological complaints in a working population, in order to find evidence for the preventive role of physical activity in the development of psychological complaints N Investigate the longitudinal relation between strenuous leisure time physical activity and poor general health in a working population N Investigate the relation between strenuous leisure time physical activity and sickness absence due to psychological complaints in a working population.
METHODS

Study population
All subjects were participants of the Study on Musculoskeletal disorders, Absenteeism, Stress, and Health (SMASH). In this study workers were recruited from 34 companies located throughout the Netherlands. Participating companies were asked to select workers who had been employed in their current job for at least one year and who were working at least 24 hours per week. Workers in bluecollar jobs, as well as workers in white-collar jobs and caring professions were included in the study. For details on the study population and design of the study, see also Hoogendoorn and colleagues. 19 20 The study was approved by the Medical Ethical Committee of TNO (Leiden, Netherlands). Employees gave their written informed consent to use their sick leave records for the study.
Data collection
SMASH is a three year follow up study in which baseline measurements were carried out between March 1994 and March 1995 and the follow up measurements in the years 1996, 1997, and 1998. All measurements were separated by one year. At baseline, 1789 (87%) of the 2064 workers who were invited to participate completed the questionnaire, 1747 of whom were eligible for participation in the present study. Data were collected at baseline and at the three follow up measurements. All outcome variables (that is, depression, emotional exhaustion, and sickness absence due to psychological complaints) were dichotomised.
Depression
Depression was assessed with help of the Dutch version of the Center for Epidemiological Studies Depression (CES-D) questionnaire, 21 22 which was designed to measure symptoms of depression in community studies. The participant was offered 11 brief statements describing feelings or behaviours and was asked to indicate how often she or he felt that way during the past two weeks (for further details, see de Jonge and colleagues 23 ). Participants with a score of 6 or higher on the 11 items of the CES-D were classified as being depressed (90th centile).
Emotional exhaustion
Emotional exhaustion was assessed with one of the three subscales from an adapted Dutch version of the original Maslach Burnout Inventory (MBI-NL). 24 The scale consisted of seven items, scored on a dichotomous (yes/no) scale (for further details, see de Jonge and colleagues 23 ). Participants with a score of 4 or higher on the seven item questionnaire were classified as being emotionally exhausted. This cut-off value corresponded to the 90th centile of emotional exhaustion scores.
Poor general health
Since Dutch workers with psychological complaints often complain about a general feeling of reduced wellbeing, 1 we investigated the longitudinal relation between strenuous physical activity and poor general health as well. Poor general health was self-reported by using the following single question: ''How would you rate your health in general?''. Answering categories were good, reasonable, moderate, and bad. 25 A reasonable, moderate, or bad selfreported health was considered as poor general health.
Strenuous physical activity
The amount of strenuous physical activity was assessed with the following question: ''How often within the past four months did you participate in strenuous sports activities or strenuous physical activities that lasted long enough to become sweaty?''. Answering categories were no strenuous physical activity, less than once a month, about once a month, about 2-3 times a month, about 1-2 times a week, 3 times a week or more. 26 27 In the analyses the categories ''no strenuous physical activity'' and ''less than once a month'', and the categories ''about once a month'' and ''about 2-3 times a month'' were combined to one category. The category ''less than once a month'' was used as the reference category.
Sedentary job
The amount of sedentary work was assessed with help of one single question. Participants who reported sitting during the largest part of the working day, were counted as workers with a sedentary job. Participants who did not report sitting during the largest part of the working day were counted as workers with a non-sedentary job.
Sickness absence due to psychological complaints Adequate sickness absence data were provided by 21 of the 34 participating companies. A total of 1080 (89%) of the 1213 Table 1 Number of valid observations* and prevalence of depression, emotional exhaustion, and poor general health at baseline and the three follow up measurements Physical activity and psychological complaintsparticipating workers from these 21 companies had given their informed consent for a follow up based on their sick leave records. If available, reasons for sickness absence were provided and coded according to an adapted Dutch version 28 of the International Classification of Diseases, version 9 (ICD-9). All diagnoses in Chapter 5 (mental disorders) were considered to constitute sickness absence due to psychological complaints. For the measures of sickness absence the complete follow up period of three years was taken into account. Dichotomous variables were constructed to indicate the three year prevalence of long term sickness absence (22 days or more), medium to long term sickness absence (8 days or more), and all sickness absence (3 days or more).
Statistical analysis
To study the longitudinal relation between strenuous leisure time physical activity and psychological complaints, we used generalised estimating equation (GEE) analyses 29 in STATA, since GEE takes into account the time varying nature of both the outcome and the exposure. With GEE analysis, the relation between two longitudinally measured variables can be studied using all longitudinal data simultaneously and adjusting for within person correlations caused by repeated measurement on each subject. 30 Since both ''between subjects associations'' and ''within subjects associations'' are taken into account, the overall regression coefficient from the GEE model is partly based on the cross-sectional relation between physical activity and psychological complaints, and partly based on the relation between changes in physical activity and changes in psychological complaints within each subject. We used two different models to study the longitudinal data, the simple GEE model, and the GEE model with a time lag of one year. The simple GEE model was used to investigate the longitudinal relation between physical activity and current psychological complaints. In this model, we adjusted for time of measurement and gender. The GEE model with time lag was used to investigate the longitudinal relation between physical activity and future psychological complaints. In this model, the independent variable (physical activity) was measured one year prior to the dependent variable (psychological complaints); we adjusted for psychological complaints one year earlier, gender, and time of measurement. The time lag model was used to find evidence for the preventive role of physical activity in the development of psychological complaints.
With the use of GEE analysis, as with proportional hazard modelling, there is a risk for bias when exposure is affected by the study outcome. 31 This risk is lowest in the time lag model because there is one year between the exposure and the outcome, which makes it less likely that the exposure will be affected by the outcome measure. However, since the exposure might still be affected in case the outcome measure is stable, we adjusted for psychological complaints one year earlier to reduce the risk of bias.
To study the dose-response relation between physical activity and psychological complaints, we used dummy variables for physical activity. This enabled us to compare three physical activity groups (1-3 times per month; 1-2 times per week; and >3 times per week) with the reference group (strenuous physical activity less than once a month).
To study the relation between physical activity and sickness absence, we used logistic regression analyses from the Statistical Package of Social Sciences (SPSS) and adjusted for gender.
Effect modification
We investigated possible effect modification by gender and sedentary job by introducing an interaction term to both the GEE models and the logistic regression analyses. Since we found no effect modification by gender (p , 0.10), we did not stratify for gender in any of the analyses. Since we found effect modification by sedentary job in the relation between physical activity and depression and in the relation between physical activity and poor self reported general health, we decided to stratify all GEE analyses between physical activity and psychological complaints for sedentary job. We did not stratify the logistic regression analyses on sickness absence to retain sufficient statistical power.
Selective drop-out Logistic regression analyses were used to investigate selective drop-out at the first follow up measurement due to depression, emotional exhaustion, or poor general health at baseline. Table 1 presents the number of participants with valid observations at each measurement, as well as the prevalence of depression, emotional exhaustion, and poor general health at all measurements.
RESULTS
Study population and valid observations
Selective drop-out
Participants with depression at baseline were at increased risk of dropping out at the first follow up measurement (OR 1.57, 95% CI 1.01 to 2.45), as were participants who reported a poor general health at baseline (OR 1.77, 95% CI 1.27 to 2.46). Emotional exhaustion at baseline did not predict dropout at the first follow up measurement.
Longitudinal relation between strenuous leisure time physical activity and psychological complaints The results from the simple GEE model between strenuous leisure time physical activity and psychological complaints are presented in table 2.
Depression
We found a dose-response relation between the frequency of strenuous physical activity and depression. The higher the frequency of strenuous physical activity, the lower the risk of depression. Workers with a sedentary job who engaged in strenuous physical activity at least once to twice a week were at a significantly lower risk of depression than those who engaged in strenuous physical activity less than once a month. We found no significant association between strenuous physical activity and a lower risk of depression in workers with a non-sedentary job.
Emotional exhaustion
All workers who engaged in strenuous physical activity at a frequency of once to twice a week were at a significant lower risk of emotional exhaustion than workers who engaged in strenuous physical activity less than once a month. This association was stronger in workers with a sedentary job. The odds were almost halved on developing emotional exhaustion in workers with a sedentary job who engaged in strenuous physical activity once to twice a week in comparison to workers with a sedentary job who engaged in strenuous physical activity less than once a month.
Poor general health
We found a dose-response relation between strenuous physical activity and poor general health. The higher the frequency of strenuous physical activity the lower the risk of poor general health. All workers who engaged in physical activity at least once to twice a week were at reduced risk to report poor general health in comparison to workers who engaged in physical activity less than once a month. We found the strongest association between physical activity and poor general health in workers with a sedentary job. Workers with a sedentary job who engaged in strenuous physical activity at least once to twice a week were more than half as likely to report a poor general health compared to workers with a sedentary job who engaged in strenuous physical activity less than once a month. Table 3 presents the results from the GEE analyses with time lag between the frequency of strenuous leisure time physical activity and future psychological complaints.
Depression
Workers with a sedentary job who engaged in strenuous physical activity once to twice a week, but not at a higher frequency, were at a reduced risk of future depression (table 3) . In contrast, the relation between strenuous physical activity (1-2 times per week) and a reduced risk of future depression was not found in workers with a non-sedentary job.
Emotional exhaustion
Strenuous physical activity at a frequency of once to twice a week was associated with a lower risk of future emotional exhaustion. As with depression, this effect was only found in workers with a sedentary job. Workers with a sedentary job who engaged in strenuous physical activity once to twice a week were about twice as unlikely to report emotional exhaustion one year later in comparison to those who engaged in strenuous physical activity less than once a month. Although all three physical activity groups showed a reduced risk of future emotional exhaustion in workers with a sedentary job, these findings were non-significant in workers who engaged in leisure time physical activity between one and three times per month and three times per week or more.
Poor general health
Strenuous physical activity at a frequency of at least once to twice a week was associated with a lower risk of future poor general health in workers with a sedentary job. In workers with a non-sedentary job, on the other hand, strenuous physical activity was only associated with a lower risk of future poor general health at a frequency of at least three times a week.
Strenuous leisure time physical activity and sickness absence due to psychological complaints Sickness absenteeism due to psychological complaints was low in our working population. The three year prevalence for absenteeism due to psychological complaints was 13.4% for total absenteeism (duration 3 days or more), 9.6% for moderate to long term absenteeism (duration 8 days or more), and 6.3% for long term absenteeism (duration 22 days or more). Figure 1 shows that workers who engaged in strenuous physical activity at baseline at a frequency of 1-3 times a month or 1-2 times a week were at a lower risk of total sickness absence than workers who did not engage in strenuous physical activity (,1 per month). The reduced risk of total absenteeism in workers who engaged in strenuous physical activity at a frequency of three times a week or more, on the other hand, was not statistically significant. When only moderate to long term sickness absence was taken into account, we found a reduced risk for all workers who engaged in strenuous physical activity compared to workers who did not engage in strenuous physical activity (,1 per month). Nevertheless, this reduced risk was not statistically significant. Finally, we found a doseresponse relation between strenuous physical activity and long term sickness absence. The higher the frequency of strenuous leisure time physical activity at baseline, the lower the risk of long term absenteeism in the next three years. The reduced risk for long term absenteeism was only significant in workers who engaged in leisure time physical activity once to twice a week.
DISCUSSION
The results of our three year prospective study in a working population show that strenuous ''non-supervised'' leisure time physical activity is associated with a lower risk of depression, emotional exhaustion, and poor general health. These associations were stronger in workers with a sedentary job than in workers without a sedentary job. Although physical activity at a frequency of once to twice a week was significantly associated with a reduced risk of future depression and emotional exhaustion, this was not the case for physical activity at a higher frequency. Similarly, physical activity at a frequency one to twice a week was associated with a lower risk of long term absenteeism whereas physical activity at a higher frequency was not. These results suggest that strenuous leisure time physical activity might play a role in the prevention of future psychological complaints, poor general health, and long term absenteeism in a working population. To our knowledge, this is the first study that investigates the role of leisure time physical activity in the prevention of emotional exhaustion and work absenteeism due to psychological complaints in a working population.
Our results regarding the preventive role of physical activity in the development of depression are in agreement with some prior longitudinal studies [12] [13] [14] and in disagreement with others. 16 In an eight year follow up study, Farmer and colleagues 12 found that little or no recreational physical activity predicted depressive symptoms at follow up in white women but not in white men, although the cross-sectional analyses between physical activity and depressive symptoms showed a significant relation in both sexes. Another follow up study 13 showed that low active non-depressed subjects were at a significantly larger risk of depression nine years later compared to high active non-depressed subjects. Even more interesting was their result that participants who increased their physical activity during follow up, were at similar risk of depression than those who were active from the beginning. Participants who decreased physical activity during follow up, on the other hand, were at increased risk of depression compared to those who remained active. Paffenbarger and colleagues 14 found that men with a high physical activity index (that is, high weighted metabolic score) and men who engaged in sports were at a lower risk of developing clinical depression during the 23 or 27 year follow up than less active men. Our results differ from the results presented by Cooper-Patrick and colleagues, 16 who found no significant relation between physical activity and lower clinical depression and psychological distress in midlife.
When comparing our results with the results from previous prospective studies, we should be aware of the different methods used to measure depression and the different definitions used for physical activity. In a similar manner to Farmer and colleagues, 12 we assessed depression with help of the CES-D questionnaire. 20 Since the CES-D questionnaire is designed to measure symptoms of depression in community studies, our population differs from studies that used clinical depression based on medical records. 14 16 Our definition of physical activity is comparable to the definition used by Cooper-Patrick and colleagues, 16 but differs from the definition used by others. 12 14 Farmer and colleagues 12 did not take intensity of physical activity into account but discriminated between recreational physical activity and non-recreational physical activity. Paffenbarger and colleagues 14 discriminated between intensity and frequency (hours per week) of playing sports, and studied several forms of physical activity (for example, walking, stair climbing, playing sports). Since different categories of physical activity (strenuous physical Table 3 Results from the GEE analyses with a time lag between the frequency of strenuous leisure time physical activity and future psychological complaints (depression and emotional exhaustion) and self-reported poor general health (all dichotomous) Reference group: physical activity less than once a month. Adjusted for time of measurement, outcome measurement one year earlier, and gender. activity versus light physical activity, and group activities versus individual activities) might act on psychological complaints through other mechanisms, our results are difficult to compare with the results from previous studies.
To our surprise, we found that workers who engaged in strenuous physical activity once to twice per week were at a lower risk of developing depression and emotional exhaustion than workers who engaged in strenuous physical activity at higher frequencies. Although our high frequency physical activity group was slightly younger and higher educated in comparison to the other physical activity groups, additional adjustment for age and educational level did not change our findings (data not shown). Future research should investigate the preventive effect of different forms of physical activity, and the effect of intensity, frequency, and combinations of intensity and frequency (for example, low intensityhigh frequency, high intensity-low frequency).
Confounders
In the study of Camacho and colleagues, 13 covariates such as smoking status, alcohol consumption, and physical health explained part of the association between physical activity and depression. Since smoking status and alcohol consumption were available in our dataset, we ran additional simple GEE analyses with adjustment for smoking status and alcohol consumption. Neither the adjustment for alcohol consumption nor the adjustment for smoking status changed the conclusions of our study (data not shown).
Selection bias
It is likely that we underestimated the association between strenuous physical activity and poor general health. Workers who reported a poor general health at baseline were at increased risk of drop-out at the first follow up measurement, and were also at increased risk to report physical inactivity (that is, frequency of strenuous physical activity less than once a month) at baseline. Workers with depression at baseline were at increased risk to drop-out at the first follow up measurement as well, but they were not at increased risk to report physical inactivity in comparison to workers without depression at baseline.
Limitations
Firstly, we used a longitudinal design that does not allow us to draw firm conclusions on causality. However, by comparing the results from a simple GEE model with the results from a GEE model with time lag and adjustment for psychological complaints at baseline, we tried to gain more insight into the preventive effect of physical activity. Whereas the results from the simple GEE model will partly be explained by the cross-sectional association between physical activity and psychological complaints (that is, workers with psychological complaints and a poor general health are less inclined to be physically active than people without psychological complaints and a good general health), the results from the GEE model with time lag will reflect the preventive effect of physical activity more strongly. The results from both models clearly point in the same direction, suggesting that psychological complaints can be predicted by both current and previous physical activity.
Secondly, we dichotomised psychological complaints. A change in depression score from 5 to 6, for instance, is translated as a change from no depression to depression, whereas a change in depression score from 0 to 4 is not. The score on depression could not be expressed a continuous variable since the distribution of depression was highly skewed, with a high number of workers scoring zero.
Thirdly, we did not take into account when absences occurred during the three years of follow up. As a consequence, the results should be interpreted with caution. Finally, since reasons for sickness absence were provided for only 606 cases, our results regarding the relation between strenuous leisure time physical activity and absenteeism are based on a relatively low number of participants. This could explain why some of the are results are not significant.
Future studies
Future intervention studies should confirm the effectiveness of physical activity in the prevention of depression and emotional exhaustion in a working population. So far, the scientific evidence on the effectiveness of physical activity programmes at worksites is still limited due to few high quality randomised controlled trials. 32 One study investigated the effect of physical exercise on self-reported job stress, sick leave, and health complaints and found no significant effect. 33 More randomised controlled trials of high quality are needed to investigate the effectiveness of physical activity programmes at the worksite on the prevention and reduction of mild psychological complaints.
Conclusions
The longitudinal relation between strenuous leisure time physical activity and the lower risk of future psychological complaints and poor general health suggest that strenuous leisure time physical activity might play a role in the prevention of future psychological complaints and poor general health in a working population. The association between strenuous leisure time physical activity (1-2 times per week) and the reduced risk of long term absenteeism (.21 days) further suggests that strenuous leisure time physical activity might also play a role in the prevention of long term absenteeism. Workers with a sedentary job seem to N The associations between strenuous physical activity and psychological complaints were stronger in workers with a sedentary job than in workers without a sedentary job.
N Strenuous physical activity at a frequency of once to twice a week was associated with a lower risk of long term absenteeism, whereas physical activity at a higher frequency was not.
N The results of our study suggest that strenuous leisure time physical activity might play a role in the prevention of future psychological complaints, poor general health, and long term absenteeism in a working population.
Policy implications
N Given the many health benefits that are associated with physical activity, companies should consider the promotion of physical activity, despite the fact that its effectiveness in preventing psychological complaints still needs to be confirmed by high quality randomised controlled trials.
